Thank you again for submitting your work to Molecular Systems Biology. We have now heard back from the three referees who agreed to evaluate your manuscript. As you will see from the reports below, the reviewers acknowledge that your work is addressing a potentially interesting topic. However, they raise concerns on your work, which should be convincingly addressed in a revision of the manuscript.
Several of the reviewers' comments refer to the need to provide additional references and better document/clarify several points throughout the manuscript. However, they also point out that additional experimentation is required in order to convincingly support the presented model. Among the more fundamental issues are the following: -Experimental evidence is required to show the beta-catenin/Nanog interaction in ESCs. -Due to the key role of protein stability for the model predictions, it is necessary to experimentally validate the predicted complex stabilities.
On a more editorial note, the reviewers refer to the need to carefully consider the use of the term "pluripotency" throughout the manuscript. Additionally, we realize that reviewer #3 suggests that additional discussion could be provided in the supplemental text. However, our policy is to restrict supplementary information to essential data and therefore we would prefer to have the points of this reviewer addressed in the introduction and/or discussion sections of the main text.
If you feel you can satisfactorily deal with these points and those listed by the referees, you may wish to submit a revised version of your manuscript. Please attach a covering letter giving details of the way in which you have handled each of the points raised by the referees. A revised manuscript will be once again subject to review and you probably understand that we can give you no guarantee at this stage that the eventual outcome will be favorable.
------------------------------------------------------Referee reports:
Reviewer #1:
This study from the Martinez-Arias group is a follow-up study on their previous published work establishing a correlation between the levels of Oct4 and Nanog as a signature for naive pluripotency in mouse ESCs using single cell quantitative immunofluorescence (QIF) technique combined with the Matlab computational tool (Stem Cells 2012). In this study, the authors went a step further by combining single cell QIF and gene expression analysis, together with theoretical modeling, to investigate how the activity of Oct4, Nanog, b-catenin, and Tcf3 is regulated. They found that the activity of these four factors suffices to account for the behavior of ESCs under different conditions. Moreover, their models suggest that the function of the network is to buffer the transcriptional activity of Oct4, that the protein network can explain the mechanism underlying the gain and loss of function in b-Catenin and Tcf mutants.
Several mathematical models of pluripotency have been previously published, which were primarily focused on transcriptional control. However, this cannot reproduce the correlation model the authors previously defined (stem cells, 2012), which prompted the authors to further test the posttranslational regulatory mechanisms (PTMs) and incorporated protein complex regulatory mechanisms into their models. This is largely consistent with the current knowledge and established roles of both PTMs of pluripotency factors as well as protein complexes of Nanog/Oct4 in controlling of stem cell pluripotency. Therefore, the study is logically sound, and it should provide additional thoughts to further test the model and help understand the molecular basis of pluripotency.
While I found the study interesting and may be accepted for publication with revision, I do find a few things need to be further clarified:
1. The main concern I have is the assumption of b-catenin-Nanog complex that authors presented in the study. To my knowledge, there is not a single study has ever proven the existence of betacatenin/Nanog interaction in ESCs. The authors may have to prove this interaction present in ESCs by coIP/IP studies to make their b:N complex credible in their model. 2. In contrast, Oct4-b/catenin interaction has been demonstrated by published studies. However, several important references documenting such b-catenin/Oct4 association in ESCs were missing and should be added to the references. 3. The TBON model contains 32 parameters, how the authors know that their result is not simply an overfilling? 4. Do the authors really need in their model that many (unknown) details? Is it possible to simplify the model and reduce the number of parameters by merging/omitting certain equations? Usually that would help. 5. Throughout the paper, whenever a protein complex involving Nanog and Oct4 is mentioned, references such as "van den berg et al, 2010; Wang et al., 2006" were cited, however, the Oct4 interactome paper by "Ding et al. Cell Res 2011" as shown in the point 2 above should also be cited, as that was the only Oct4 interactome among the three published Oct4 interactomes in the current literature that links beta-catenin to the Oct4 network. This is particularly important as O:b is considered a critical parameter in the models presented in this study.
Reviewer #2 :
This is an interesting and thought provoking manuscript from Descalzo, Rue, and colleagues. The authors note that despite an impressive focus of stem cell researchers on a transcriptional network that controls pluripotency, models lacking protein dynamics provide poor descriptions of the pluripotent state. The manuscript introduces a novel model for the effects of Oct4, Nanog, -catenin, and Tcf3 in mouse embryonic stem cells. An important element of the model is that it allows for different effects caused by free proteins and those found in complex with other molecules in the system. Another important point is that by including Tcf3 and -catenin, the model provides a mechanism to account for the significant effects of GSK3-inhibition on mES cells.
One strength of the model is that it explains some recent observations that may otherwise appear to contradict current consensus views. In particular, the model can account for recent work showing pro-differentiation effects of Oct4 and the importance of the ratio of Oct4:Nanog for pluripotency. There are also some weaknesses, and the model is not comprehensive. Many gene products important for self renewal, such as Esrrb, Stat3 and Klf4, are not included. That said, I found the manuscript to be an overall quite compelling description of a new protein based model of pluripotency circuitry. I think it provides a perspective that should be strongly considered as a foundation for subsequent refinements following new discoveries.
I have a number of concerns:
1. Y-axes are not labeled on many graphs ( Figure 1G , 2E for example). (Fig S3) , and is necessary for the key element of the authors' overall model. In addition, knowing how the stability of individual proteins differs when they are bound/not bound by other proteins provides the basis for model. The data shown are for total protein, whether part of a complex or not. Thus, values for complexes are not known, but were inferred from models. Since the stability of complexes is so important to the model, the study should include some validation of predicted stabilities. The half life of proteins in Nanog-/-or -catenin-/-cells could be validated fairly easily.
Knowing the stability of individual proteins in ES cells is an important addition
3. Figure 4C does not convincingly demonstrate that Nanog-/-ES cells have higher levels ofcatenin and Oct4 proteins than Nanog+/+ cells. The problem is that Western blot was unevenly loaded, and therefore not reliable for densitometry.
4. The use of O/N ratio is a bit confusing for analyzing Tcf3 mutants. Overexpression of Nanog does not stimulate differentiation. So, having a poor O/N correlation is detrimental to pluripotency in only one direction. This becomes problematic when analyzing Tcf3-/-in S+L. The cells resist differentiation even though they have a very weak O/N correlation.
5. The manuscript uses the terms pluripotent and pluripotency in an awkward and confusing manner in some places. Figure 4A uses a category of "pluripotent" to described colony morphology; however, this should just be alkaline phosphatase positive. The manuscript also uses the term "states" of pluripotency, but it is not clear if the authors actually mean naÔve and primed states of ESC and EpiSC. Finally, the manuscript sometimes uses the term as if there were different degrees of pluripotency by which one cell is "more" pluripotent than another. By the common definitions of the word -having the ability to contribute to all adult cell types, or to all three germ layers-a cell either is or is not pluripotent. It is rather like how a female either is or is not pregnant. I believe that a more strict use of the term pluripotency would aid in the communication of findings.
Reviewer #3 :
The manuscript by Prof Martinez Arias and co-workers entitled "A competitive protein network buffers Oct4-mediated differentiation promoting pluripotency" combines imaging and biochemical studies of wild type and various mutant mouse ESCs as well as modeling. I support the publication of this manuscript despite the fact that the findings are surprising based upon a number of reports that the authors cite and even those that they do not. I do believe that the computational modeling is well performed and complemented by imaging experiments with mutant cell lines. While there are a number of experimental approaches that could be performed to augment this work, I don't believe that any of them are crucial for publication in MSB and therefore would not hold up the publication of the work for the completion of those experiments. Therefore, I will combine the review and synopsis.
The authors first show that a transcriptional network is unable to account for observed protein expression associated with pluripotency. This should not be a surprise to anyone. There have been many transcriptional networks that have been published, many more than the authors cite or incorporate into their modeling. Therefore, their transcriptional network is not comprehensive. In addition, a number of reports have pointed to post-transcriptional and post-translational components to the pluripotency network. One of the many examples that is not cited in the text is the 2009 Nature Lemischka paper. Thus, while I agree it is useful to verify the holes in transcriptional networks prior to discussing their own models, the authors should not over-stress the deficiencies in these models. I believe by including most of this work in the supplementary text is appropriate.
Next, the authors provide experimental and model simulation for a pluripotency network based on a complex of Oct4 and Nanog. While under some experimental conditions this model accurately predicts the experimental results, the authors point out that this minimalistic model cannot account for all published experimental data. Based on a number of reports, the authors then expand their protein interaction network model to include b-catenin and Tcf3 to the Oct4 and Nanog complexthe TBON network. The authors test the model under different culture conditions and, importantly, using mouse ESCs with genetic manipulations of the various components of the TBON network. The testing of the network is the strongest part of the paper largely because authors, reviewers and editors too often ignore these critical experiments.
The following are not clear in the manuscript: 1. The following is an assumption that is not listed. The transcriptional activity of Oct4 and Nanog is assumed to only be as transcriptional activators. While there is data to support this, many studies have interpreted data that these transcription factors have repressor activity directly or complex with repressors. This assumption needs to be clear to the reader. Furthermore, cite the relevant papers. 2. The authors use the term pluripotential too loosely. Sometimes as far as I can tell, the only evidence is that the colonies are 2i-like. 3. It is not always clear in the text which data was generated by the authors or by the groups which made the mutant ESCs or the simulated data.
This manuscript could be further improved by the following experiments. Without these experiments, the authors MUST be clear that while there is some experimental evidence for their model, additional experiments need to be performed to validate it. These experiments would be required at other journals that cannot appreciate modeling as much as MSB. 4. The quantitative IF experiments would be cleaner and likely more informative if the authors used micropatterning to grow the mESC colonies in a uniform manner. This work was pioneered for the modeling of ESC fate analysis by the Zandstra lab and is being picked up by other groups. However, this technology is not available in many labs and I would never hold up a paper for this type of experiment unless the manuscript could not make conclusions without it. Reviewer #1 : This study from the Martinez-Arias group is a follow-up study on their previous published work establishing a correlation between the levels of Oct4 and Nanog as a signature for naive pluripotency in mouse ESCs using single cell quantitative immunofluorescence (QIF) technique combined with the Matlab computational tool (Stem Cells 2012). In this study, the authors went a step further by combining single cell QIF and gene expression analysis, together with theoretical modeling, to investigate how the activity of Oct4, Nanog, b-catenin, and Tcf3 is regulated. They found that the activity of these four factors suffices to account for the behavior of ESCs under different conditions. Moreover, their models suggest that the function of the network is to buffer the transcriptional activity of Oct4, that the protein network can explain the mechanism underlying the gain and loss of function in b-Catenin and Tcf mutants. Several mathematical models of pluripotency have been previously published, which were primarily focused on transcriptional control. However, this cannot reproduce the correlation model the authors previously defined (stem cells, 2012), which prompted the authors to further test the posttranslational regulatory mechanisms (PTMs) and incorporated protein complex regulatory mechanisms into their models. This is largely consistent with the current knowledge and established roles of both PTMs of pluripotency factors as well as protein complexes of Nanog/Oct4 in controlling of stem cell pluripotency. Therefore, the study is logically sound, and it should provide additional thoughts to further test the model and help understand the molecular basis of pluripotency.
Reviewer 1 values our combination of experimental data together with theoretical modelling to gain insight into the molecular mechanism involved in the maintenance of pluripotency. The hypothesis of PTM regulating pluripotency is consistent with current knowledge, as transcriptional networks, on their own, have been failing to fully explain how pluripotency is regulated.
This reviewer is very positive to our study, but raises a number of concerns that we address here:
The main concern I have is the assumption of b-catenin-Nanog complex that authors presented in the study. To my knowledge, there is not a single study has ever proven the existence of beta-catenin/Nanog interaction in ESCs. The authors may have to prove this interaction present in ESCs by coIP/IP studies to make their b:N complex credible in their model. 5. Throughout the paper, whenever a protein complex involving Nanog and Oct4 is mentioned, references such as "van den berg et al, 2010; Wang et al., 2006" were cited, however, the Oct4 interactome paper by "Ding et al. Cell Res 2011" as shown in the point 2 above should also be cited, as that was the only Oct4 interactome among the three published Oct4 interactomes in the current literature that links beta-catenin to the Oct4 network. This is particularly important as O:b is considered a critical parameter in the models presented in this study.
We have incorporated this reference, along with the one by Takao et al. in the new version of the manuscript, when mentioning the existence of a β-catenin/Oct4 complex. See also comment 2 of this reviewer.
Reviewer #2 : This is an interesting and thought provoking manuscript from Descalzo, Rue, and colleagues. The authors note that despite an impressive focus of stem cell researchers on a transcriptional network that controls pluripotency, models lacking protein dynamics provide poor descriptions of the pluripotent state. The manuscript introduces a novel model for the effects of Oct4, Nanog, β-catenin, and Tcf3 in mouse embryonic stem cells. An important element of the model is that it allows for different effects caused by free proteins and those found in complex with other molecules in the system. Another important point is that by including Tcf3 and β-catenin, the model provides a mechanism to account for the significant effects of GSK3-inhibition on mES cells. One strength of the model is that it explains some recent observations that may otherwise appear to contradict current consensus views. In particular, the model can account for recent work showing prodifferentiation effects of Oct4 and the importance of the ratio of Oct4:Nanog for pluripotency. There are also some weaknesses, and the model is not comprehensive. Many gene products important for self renewal, such as Esrrb, Stat3 and Klf4, are not included. That said, I found the manuscript to be an overall quite compelling description of a new protein based model of pluripotency circuitry. I think it provides a perspective that should be strongly considered as a foundation for subsequent refinements following new discoveries. (Fig S3) , and is necessary for the key element of the authors' overall model. In addition, knowing how the stability of individual proteins differs when they are bound/not bound by other proteins provides the basis for model. The data shown are for total protein, whether part of a complex or not. Thus, values for complexes are not known, but were inferred from models. Since the stability of complexes is so important to the model, the study should include some validation of predicted stabilities. The half life of proteins in Nanog-/-or β-catenin-/-cells could be validated fairly easily.
This reviewer values the study presented in this manuscript

Knowing the stability of individual proteins in ES cells is an important addition
We have now included in the new version of the manuscript the half-lives of Oct4 and Nanog under specific culture conditions and mutant backgrounds (Fig. 2H) Figure 4C does not convincingly demonstrate that Nanog-/-ES cells have higher levels of β-catenin and Oct4 proteins than Nanog+/+ cells. The problem is that Western blot was unevenly loaded, and therefore not reliable for densitometry. 4. The use of O/N ratio is a bit confusing for analyzing Tcf3 mutants. Overexpression of Nanog does not stimulate differentiation. So, having a poor O/N correlation is detrimental to pluripotency in only one direction. This becomes problematic when analyzing Tcf3-/-in S+L. The cells resist differentiation even though they have a very weak O/N correlation. Fig. 5D ) that would promote differentiation.
The reviewer is right in that the O/N the correlation descriptor is not enough to characterise pluripotency, but it is a good indicator. We have discussed the state of pluripotency in the absence of Tcf3 in a previous study (Muñoz-Descalzo et al., Stem Cells. 2012;30(12):2683-91). As we discussed in that study, not only the O/N correlation coefficient is a quantifier of the pluripotency, but also the O/N ratio of the cell population (given, for instance, by the slope of a linear regression). In Tcf3 mutant cells, the O/N correlation decreases, suggesting that they are not in a stable pluripotent state; however the O/N ratio is also reduced, indicating that these cells have, on average, lower levels of Oct4 and/or higher levels of Nanog as compared to the wild type (which they actually do, see new Fig. S14B-C) and thus they might resist Oct4-mediated differentiation. According to our model, this can be explained by the absence of "free" Oct4 in those situations (see
The manuscript uses the terms pluripotent and pluripotency in an awkward and confusing manner in some places.
We have tried to be more precise in the way we use with these terms in the new version of the manuscript. In the Introduction we are now more explicit about what does 'pluripotency' mean.
Figure 4A uses a category of "pluripotent" to described colony morphology; however, this should just be alkaline phosphatase positive.
The description of colony morphology in our colony-forming assays sought to be clear and obvious for a non-specialist in the ESC field interested in reading this manuscript. Although 'alkaline phosphatase positive' (or 'negative') as suggested by the reviewer would be more precise terminology, we have decided to use 'differentiated' for alkaline phosphatase negative colonies and 'undifferentiated' for the positive colonies, as we believe these are both precise and understandable for non-specialists.
The manuscript also uses the term "states" of pluripotency, but it is not clear if the authors actually mean naïve and primed states of ESC and EpiSC. Finally, the manuscript sometimes uses the term as if there were different degrees of pluripotency by which one cell is "more" pluripotent than another. By the common definitions of the word -having the ability to contribute to all adult cell types, or to all three germ layers-a cell either is or is not pluripotent. It is rather like how a female either is or is not pregnant. I believe that a more strict use of the term pluripotency would aid in the communication of findings.
As mentioned above, we tried to be clearer in the use of the term 'state of pluripotency' in the new version. Since our experimental system is mouse ESC we are not extrapolating our protein network to EpiSC, as both culture requirements and probably the relation among network components might be different.
Reviewer #3 (Remarks to the Author): The manuscript by Prof Martinez Arias and co-workers entitled "A competitive protein network buffers Oct4-mediated differentiation promoting pluripotency" combines imaging and biochemical studies of wild type and various mutant mouse ESCs as well as modeling. I support the publication of this manuscript despite the fact that the findings are surprising based upon a number of reports that the authors cite and even those that they do not. I do believe that the computational modeling is well performed and complemented by imaging experiments with mutant cell lines. While there are a number of experimental approaches that could be performed to augment this work, I don't believe that any of them are crucial for publication in MSB and therefore would not hold up the publication of the work for the completion of those experiments. Therefore, I will combine the review and synopsis.
We appreciate the observation of the reviewer that our manuscript should not be seen, simply, as an experimental piece of work and that this makes less imperious the need for some (difficult) experiments.
The authors first show that a transcriptional network is unable to account for observed protein expression associated with pluripotency. This should not be a surprise to anyone. There have been many transcriptional networks that have been published, many more than the authors cite or incorporate into their modeling. Therefore, their transcriptional network is not comprehensive. In addition, a number of reports have pointed to post-transcriptional and post-translational components to the pluripotency network. One of the many examples that is not cited in the text is the 2009 Nature Lemischka paper. Thus, while I agree it is useful to verify the holes in transcriptional networks prior to discussing their own models, the authors should not over-stress the deficiencies in these models. I believe by including most of this work in the supplementary text is appropriate. Next, the authors provide experimental and model simulation for a pluripotency network based on a complex of Oct4 and Nanog. While under some experimental conditions this model accurately predicts the experimental results, the authors point out that this minimalistic model cannot account for all published experimental data. Based on a number of reports, the authors then expand their protein interaction network model to include b-catenin and Tcf3 to the Oct4 and Nanog complexthe TBON network. The authors test the model under different culture conditions and, importantly, using mouse ESCs with genetic manipulations of the various components of the TBON network. The testing of the network is the strongest part of the paper largely because authors, reviewers and editors too often ignore these critical experiments.
While the transcriptional model presented in the Supplementary Material is not comprehensive, as stated by the reviewer, we do think that it gives an insight into the limitations of transcription regulation models. As indicated above (reply to reviewer 2) we have tried to reason our reduction of a larger and more comprehensive network on the basis of what is essential to reproduce our experimental observations. We should also point out that it remains to be seen if adding more elements to the network improves the fit. One of the strengths of our model, we believe, is that, in contrast with other models which try to capture a loosely defined pluripotency term, ours targets the experimental distributions. This constrains what we can do, but on the other hand justifies our using the simpler possible model to explain the facts (see responses to reviewers 1 and 2 for modelling complexity). We now take into account and discuss the Lemischka reference (
We appreciate that the Reviewer acknowledges our effort trying to test whether the model can be useful by testing it in the different conditions: a model that is not tested for its robustness with experiments cannot be useful to understand the reality that it is trying to model.
The following are not clear in the manuscript: 1. The following is an assumption that is not listed. The transcriptional activity of Oct4 and Nanog is assumed to only be as transcriptional activators. While there is data to support this, many studies have interpreted data that these transcription factors have repressor activity directly or complex with repressors. This assumption needs to be clear to the reader. Furthermore, cite the relevant papers. Table SIII 3. It is not always clear in the text which data was generated by the authors or by the groups which made the mutant ESCs or the simulated data.
We thank the reviewer for pointing out this source of confusion. We do not assume any particular type (positive or negative) of transcriptional activity for Nanog and Oct4 in the model or data analysis. In particular, the bioinformatic analysis utilises data from ChIP-seq and Gene expression (Loss/Gain of Function) from several studies (see
We have tried to clarify it in the new version of the manuscript changing the location of where the references are inserted in the text when we refer to data generated by other authors. For the simulated data, and to distinguish them from the experimental data, we did include a 'vanilla' background in the graphs.
This manuscript could be further improved by the following experiments. Without these experiments, the authors MUST be clear that while there is some experimental evidence for their model, additional experiments need to be performed to validate it. These experiments would be required at other journals that cannot appreciate modeling as much as MSB.
We appreciate the understanding of this Reviewer in that the additional experiments suggested, although very valuable and informative, are out of the scope of the current study. In terms of the suggested consideration we have made it explicit in the final paragraph of the discussion. 
While it is true that proximity ligation assay experiments are a very powerful tool that would allow the quantification at the single cell level of protein interactions as described in Gajadhar & Guha (Biotechniques.2010;48(2):145-52) for the dimerization of the EGF receptor, we do not feel that this technique is so straightforward as the Reviewer suggests as it involves the design, preparation and optimization of probes. On bulk populations, we and others have already shown the presence of the β:O, β:N, β:T and O:
N complexes and hope that this will suffice for now. We also hope that our work will stimulate this type of assays and experiments in a field which is too based on transcriptional information. We certainly are pursuing this. There are two already published studies (one of them since the submission of our study) that show ChIP data under genetic backgrounds seeking for transcriptional targets of Oct4 and/or Nanog. Specifically, the Oct4-Nanog binding sites in wild-type cells were described in Chen et al. (Cell. 2008; 133:1106-17) , and these are the data used in our bioinformatics analysis as indicated in the Supplementary Information (Table SIII) Fig. 2H) . See also the response to point 2 from reviewer #2.
4. The quantitative IF experiments would be cleaner and likely more informative if the authors used micropatterning to grow the mESC colonies in a uniform manner. This work was pioneered for the modeling of ESC fate analysis by the Zandstra lab and is being picked up by other groups. However, this technology is not available in many labs and I would never hold up a paper for this type of experiment unless the manuscript could not make conclusions without it.
We agree with the reviewer that performing QIF on uniformly grown mESC colonies will be very informative and we shall use it in the future.
Additional Correspondence (editor) 18 July 2013 I am contacting you regarding your manuscript MSB-13-4492R. We have now heard back from the reviewers and they are rather supportive. However, Reviewer #1 is not convinced by the biochemical evidence of beta-catenin and Nanog interaction. The reviewer mentions that "the previous study study only provides the fractionation of membrane bound-proteins from soluble ones showing Nanog is present in both membrane bound and soluble complexes containing beta catenin and Oct4 by western blots. It is still not clear whether beta-catenin can form two distinct protein complexes: the beta/catenin-Oct4 and beta/Catenin-Nanog complexes in ESCs, as Nanog association with beta catenin may be indirectly mediated by Oct4". The reviewer recommends to perform coIP/IP experiments for the beta-catenin and Nanog interaction in this study to bolster the existence of the b:N complex in ES cells.
Before making a formal decision, I wanted to discuss with you on whether this important point could be addressed within a reasonable timeframe.
Regarding your suggestion to provide additional simulations in the context of the two recent studies in Cell Stem Cell, we feel that inclusion of additional data is not required at this point.
Additional Correspondence (author) 22 July 2013
Thank you very much for your interest in the work and for contacting us on the matter of the Nanog:ß-catenin complex and its incidence on the manuscript as things stand at the moment. We found the conversation helpful and believe that the outcome will be an improved manuscript.
Looking at our figure 2, we appreciate the implications of what is depicted in panel B. However as we pointed out and we elaborate here, this complex is not a major driver of the model. This is obvious if one looks at the situation quantitatively and not (as we biologists often do) qualitatively.
There is indeed a mention of a B:N complex but this is only present in 2i and accounts for about 5-10% of Nanog. Furthermore, removal of this complex from the model has little effect on the outcome and dynamics, and a model with a ternary complex O:B:N works as well as the current one. The reason why the B:N was included in the final model was to account precisely for observations of the B:N correlations and for the ease of calculations. Having said this, the model does not rule out that this interaction is mediated through the interaction of Oct4 with ß-catenin. As we have emphasized, the real driver is the O:B complex, as demonstrated in the experiments and simulations of the Nanog mutants. We shall be happy to qualify all this in the main text with an appropriate reference to both the effect of removal of the complex and the ternary complex model in the supplementary material.
Having said this about the model, we shall also be happy to consider doing the experiment of the Nanog IP. However, after our discussion and in the context of the quantitative considerations we have made above, we would invite you to think whether this extra work (which we are happy to try but will involve time and money) is either revealing or necessary. First of all, the predicted percentage of Nanog in this complex in 2i (the model only predicts its presence in 2i and we only find the interaction in 2i) is very small, which means that it is likely to be difficult to detect (as already suggested by the data that we have of the amount of Nanog present in the complex when pulled down with ß-catenin). Second its contribution to the actual central parameter of the system i.e. the amount of free Oct4, is not as large as the O:B complex, which is, as we pointed out, the real driver of the process. Third it might well be that this interaction is, as we have discussed before, brought about by the interaction between Oct4 and Nanog. So, in our view the chances of seeing an exclusive O:B are low and if one sees it one cannot rule out a role for Oct4 in bridging it. The only possible way to test this interaction rigorously would be to do an IP in an Oct4 mutant cell but, as we pointed out earlier, this is not possible because the cells will differentiate and downregulate Nanog and lose their pluripotency.
While as you can see we appreciate the point that has been brought up which has made us all think a bit deeper about the model (and in this sense the reviewing process has very much fulfilled its role), it would be easy to lose sight of the relative importance of each complex and the small contribution that the B:N complex makes to the stability of the system (in vivo and in silica). The main point that the work makes is that the amount of Oct4 is the key to pluripotency and that this is dynamically buffered in complexes with Nanog and, most significantly, with ß-catenin. We and the reviewers have underlined this and we shall not elaborate here. This, we think, is clear in the text but will be happy to put this into sharper contrast.
In summary, what we propose is 1. To explain better the way we think and deal with the complexes and how they relate to the biochemistry. Particular mention of the small contribution of the B:N to the system and show it in numerical simulations.
2. To point out that a model with a ternary complex supports the observed distributions as well. We shall add this model in the supplementary.
3. Happy to try the Nanog IP but we would appreciate your feedback on this since, all things considered we are not sure what valuable or additional information this will add to the work (recall the low percentage in the model, the little contribution it makes to the dynamics of the system, and the fact that it only appears in 2i). Furthermore, the experiment will always have to be done in the presence of Oct4 which, given that Oct4 interacts with both ß-catenin and Nanog, will not eliminate the caveat of an indirect interaction as Oct4 will always come down with Nanog. We shall be happy to discuss these matters in Materials and Methods or SM.
We appreciate your feedback but to gain some time, will begin to revise the manuscript along these lines. The IP, as we have discussed and explained here, would and does not have a significant impact on the work.
Additional correspondence (editors) 28 July 2013
Thank you very much for the further clarification over the phone. We think we have now better understood your point of view and the emphasis of the paper on the importance of Oct4 buffering via b-catenin.
Having said that, we think that it is important that the presentation of the study remains clear and coherent. If the TBON model remains presented as considering "8 protein species: 4 free proteins (O, N, β and T) and 4 protein complexes (O:N, β:N, β:O, β:T)", which "compete for their individual components" (current Fig 2B and proposed thumbnail) , then experimental evidence for the existence of these complexes would be expected. We have consulted with Reviewer #3, who felt this would indeed be important data to include in the study.
This may however be difficult, for the reasons you explained in our phone call and below.
We understand that the hypothetical b:N complex may not play a major role and that a model that does not assume the existence of this complex but uses a b:O:N ternary complex may also work (let's transiently call such a model 'TBON3'...). In absence of direct evidence for b:N, such a TBON3 model would appear as more 'parsimonious' than TBON, at least from an experimental point of view.
In fact, the question then arises of whether a model that assumes only the {O:N, β:O, β:T} binary complexes and no β:N complex would work as well. Are β:N or a ternary complex needed at all? If yes, this should be explained.
If a more parsimonious model works fine (which remains to be shown in the revision, of course), it would then be important to present it in the main text as the main model and adapt the presentation of the results in the text and the figures (eg. the b:N complex is referred to at many places) and Supp Info accordingly.
Our worry is that it may become very confusing for readers (as we all were!) to present the TBON model as it is currently depicted in Fig 2B but then include almost as a 'side note' that in fact an alternative model (eg. TBON3 or even a simpler model) that requires less biological assumptions works equally well. In our opinion, the most parsimonous model should be the one that is presented and analyzed in the main text. It is not completely clear to us that whether this can be achieved in only a couple of days, since the computational analysis and the figures would need to be redone with the simplified model, but please let us know if we have misunderstood something. Thank you again for submitting your work to Molecular Systems Biology. We have now heard back from the three referees who accepted to evaluate the study. As you will see, the referees feel that most of their main concerns have been addressed. However, Referee #1 expresses concerns regarding the existence of the beta-catenin/Nanog complex, which we would ask you to carefully address in a revision of the present work. On the issue of the Biochemistry, we feel that the published evidence for the different complexes discussed should be enough as in most instances there is more than one independent observation: Iping with Oct4 we obtain fl-catenin and Nanog and Iping with fl-catenin we recover Oct4 and Nanog. Nonetheless, we have spent the last few days on the Nanog IP and have the result that we attach which shows that IPing with Nanog, we do obtain fl-catenin and Oct4 (see below). This does not remove the caveats that we have discussed and shall be happy to present and discuss it in the SM, though we feel that a detailed discussion of the cell and molecular biology of the system ñwhich might be required to understand these experiments and which refers to the Faunes et al 2013 reference-is out of the scope of this work.
Hopefully you will now find that the manuscript is in a satisfactory condition for publication. My colleagues and I have certainly appreciated the review process which has been in this case very constructive. We also feel that the work is important because it not only provides a useful novel perspective to think about pluripotency but we also believe that the model, by dealing with the behaviour of individual cells and their extrapolation to populations, has several novel aspects that go beyond the continuous dynamical systems that are often used to represent circuits. Thank you again for submitting your work to Molecular Systems Biology. We have now heard back from the referee who accepted to evaluate your revised manuscript. As you will see, the referee is now satisfied with the modifications made. However, this referee lists a series of minor points that we would like to ask you to carefully address in a revision of the manuscript.
Please resubmit your revised manuscript online, with a covering letter listing amendments and responses to each point raised by the referees. Please resubmit the paper **within one month** and ideally as soon as possible. If we do not receive the revised manuscript within this time period, the file might be closed and any subsequent resubmission would be treated as a new manuscript. Please use the Manuscript Number (above) in all correspondence.
Thank you for submitting this paper to Molecular Systems Biology.
